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Technical field 



The present invention relates to proton or acid-sensing 
ion channels and nucleic acid encoding the same. It 
further relates to methods and materials for generating 
and using these. 
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Prior art 

Acidosis accompanies many painful inflammatory and 
ischaemrc conditions. The pain caused by acids is thought 
to be mediated in part by H + -gated cation channels 
present "in sensory neurons. Thus H + -gated cation 
channels are of interest, inter alia, in the treatment of 
inflammation or other painful conditions e.g. through the 
use of targeted analgesics. 

One H + -gated channel (ASIC, for acid-sensing ionic 
channel) has been cloned from rat (Waldmann et al . (1997) 
Nature 386, 6621, pl73-177. This belongs to the 
amiloride-sensitive Na + channel /degenerin family of ion 
channels (see Waldmann and Lazdunski 1998, Current 
Biology 8 : 418-424) . 

Heterologous expression of ASIC induces an amiloride- 
sensitive cation (Na + > Ca2 + > K + ) channel which is 
transiently activated by rapid extracellular 
acidification. The biophysical and pharmacological 
properties of the ASIC channel closely match one of the 
H + -gated cation channels described in sensory neurons. 
However ASIC is also distributed widely throughout the 
brain. 
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Owing to the interest in H+-gated cation channels, it will be 
appreciated that the provision of a new channel, particularly 
one having one or more novel activities compared to those 
already available to the public, would provide a contribution 
to the art . 
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Disclosure of the i nvention 

The present inventors have now cloned nucleic acid encoding a 
novel H+-gated cation channel from a rat sensory neuron cDNA 
library, and isolated and characterised the encoded protein. 
The nucleic acid sequence is shown as Seq ID Mo 1, while the 
encoded protein is Seq ID No 2. The channel, which is present 
in both spinal cord and throughout the central nervous system 
in subsets of neurons, is hereinafter referred to as "SPASIC". 

Briefly the inventors used molecular cloning techniques to 
characterise the SPASIC protein. la situ DNA hybridisation 
and RNA Northern blotting showed that the new channel 
transcripts are present in dorsal root ganglion neurons and in 
central nervous system tissues. When expressed in transfected 
CCS cells, the channel mediated both a transient and a 
sustained flow of current when exposed to extracellular 
acidity, e.g. of below pH 7.0. 

SPASIC shares 43% sequence identity with ASIC (the amino acid 
sequence of which is shown as Seq ID No 3) and has 
similarities with other characterised ASIC-type proteins (see 
Figure 1) . However SPASIC has unique properties. In 
particular it exhibits both a rapid, and then a sustained 
cation current in response to low pH. No H+ -gated channel 
having these properties has been characterised 
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Because of the expression of SPASIC in sensory neurons 
and the importance of proton-gated channels in pain and 
inflammation, this new channel is an analgesic drug 
target and has utility, inter alia, in screening 
techniques for identifying novel analgesic and ant,- 
inflammatory agents. 

Xnterestxngly, its presence in subsets of central nervous 

system neurons also suggests an xmportant role as a 

receptor or an autoreceptor evolved m the regulation of 

neurotransmitter release or neuronal excxtabxlxty or 

excitotoxxcxty. For instance, it xs known that low pH xs 

also found in synaptic vesicles, and the release of 

neurotransmxtters is assocxated with the release of 

protons. Proton gated cation channels have been reported 

in isolated cells of the hypothalamus. Low pH has been 

found to be neuroprotective xn some seizure models 

(Valxseck et al . Brain Research 1995 Feb 13; 671(2) :24S- 

253) and to regulate synaptxc efficacy (Velisek et al . 

<= 19QR- 8(1) -24-32). Thus the channel also has 
Hippocampus 1998, BU) • ^ J ' 

utility in screening for agents that regulate 
neurotransmitter release or neuronal excitabilxty . 
including the regulation of excitotoxicity and synaptxc 
efficacy (e.g. in the context of learning and memory, 
cognition, perception, pain etc, depending inter alia on 
the location xn which the channel may be expressed) . 

These and other aspects of the present xnvention will now 
be discussed in more detail . 

Thus in a first aspect of the present invention there is 
provided an acid sensitive cation channel protein whxch 
is capable of reversibly mediating (i) a rapid, and (xx) 



PCT/GB99/01743 

WO 99/63081 



10 



15 



20 



25 



30 



4 



35 



a sustained cation current. 

Proteins, or polypeptides, of the present invention may 
be prov.ded in reco^inantly produced, isolated, enriched 
or cell-free form. They may be present in cells 
heterologously, which is to say that they do not 
naturally occur there, but have been introduced through 
human intervention. 

Bv »acid sensitive" is meant that the cation permeability 
o£ the =ha„„e! can be significantly increased by lowering 
the pH (increasing acidity, or reducing alkalinity). 

The mediated current will occur in two phases, a "rapid- 
phase, and a -sustained" phase. Generally the rapid 
phase will last less than SCO milliseconds, more commonly 
less than about 200 milliseconds. The sustained phase 

t-h<= neriod in which the pH. 
will generally continue for the peiio 

stimulus is maintained. 

The two Phase activity can be assessed by those skilled 
in the art without undue burden, for instance using 
voltage clamping technics analogous to those described 
herei n to analyse membranes or membrane preparations 

g from eucaryotic =.11.) into which the protein has 
been expressed or otherwise introduced. Some generally 
applicable methods are discussed in -Ionic Channels of 
Excitable Membranes" Hille, B. - Pub 1992. Smauer. 

Preferably the protein will have the electrophysiological 
and pharmacological characteristics of the SPASXC protein 
described herein. Preferably the protein comprises ammo 
acid sequence Seq ID No 2. 

I„ a further aspect of the invention there is disclosed a 
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SPASIC variant protein having ion channel activity and 
comprising an amino acid sequence having at least about 
50% or 60%, or 70%, or 80% homology, most preferably at 
least about 90%, 95%, 96%, 97%, 98% or 99% sequence 
identity with Seq ID No 2 . 

ion channel activity may be tested as described above, 
using appropriate stimuli if required. 

Similarity (or identity, or homology) may be as defined 
and determined by the TBLASTN program, of Altschul et al . 
(1990) J. Mol. Biol. 215: 403-10, which is in standard 
use in the art, or, and this may be preferred, the 
standard program BestFit, which is part of the Wisconsin 
Package, Version 8, September 1994, (Genetics Computer 
Group 575 Science Drive, Madison, Wisconsin, USA, 
Wisconsin 53711) . BestFit makes an optimal alignment of 
the best segment of similarity between two sequences. 
Optimal alignments are found by inserting gaps to 
maximize the number of matches using the local homology 
algorithm of Smith and Waterman. 

Homology may be over the full-length of the relevant 
sequence shown herein, or may be over a part of it, 
preferably over a contiguous sequence of about or greater 

or more amino acids or compared with Seq ID No 

Thus a variant polypeptide in accordance with the present 
invention may include within the sequence shown m Seq ID 
No 2, a single amino acid or 2, 3, 4, 5, 6, 7, 8, or 9 

, <_nn iq ?0 30 40 or 50 changes, or 
changes, about 10, 15, ^u, ju, 

greater than about 50, 60, 70, 80 or 90 changes. In 
addition to one or more changes within the amino acid 
sequence shown, a variant polypeptide may include 
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additional amino acids at the C-terminus and/or N- 
terminus. Alternatively it may represent an active (as 
an ion channel) fragment of the protein e.g. a pore 

forming fragment. 

Proteins or polypeptides of the present invention may be 
prepared by the expression of nucleic acids encoding 
therefor in appropriate host cells, as described xn more 
detail hereinafter.. 

Thus xn a further aspect of the present invention there 
is provided nucleic encoding a protein of the invention 

as described above. 
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Nucleic acid according to the present invention may 
delude cDNA , RNA, genomic DNA and modified nucleic acids 
or nucleic acid analogs (e.g. peptide nucleic acid). 
Where a DNA sequence is specified, e.g. with reference to 
a figure, unless context requires otherwise the RNA 
equivalent, with U substituted for T where it occurs, is 
encompassed . 

Nucleic acid molecules according to the present invention 
may be provided isolated and/or purified from their 
natural environment, in substantially pure or homogeneous 
form or free or substantially free of other nucleic 
acids of the species of origin. Where used herein, the 
term "isolated" encompasses all of these possibilities. 

The nucleic acid molecules may be wholly or partially 
synthetic. In particular they may be recombinant xn that 
nucleic acid sequences which are not found together m 
nature (do not run contiguously) have been ligated or 

, artificially. Alternatively they may 

otherwise combined artitn-mixy 

• „^ j, rpr Hv e Q. using an automated 
have been synthesised directly e.g. a 
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synthesiser . 

Thus in one e^ent of this aspect of the invention 

. HpH _ nuc ieic acid encoding SPASIC e.g. a 
there is provided a nucleic 

nucleic acid encoding Seq ID No 2 (which nucleic ac d 
sequence is set out as bases 2S2-^ in Se q ID No 1, . 
In another e*od»e„t there- is disclosed a sequence 
degeneratively equivalent to that sequence. 

In another embodiment there i. disclosed a nucleic acid 
which encodes a SPASIC variant as described above 
„11 Y this will share homology or identity with the 
SPASIC encoding sequence in similar terms as are 
described in relation to the variant proteins 
herein ammo changes correspond to changes in codons or 
individual nucleotides. 

variants may include distinctive parts or ^agment 
(however produced, corresponding to a portion of the 
sequence provided. The fragments m ay encode particular 
functional parts of the polypeptide. 

Squally the fragments may have utility in probing for, or 
amplifying, the sequence provided or closely related 
Z. Citable lengths of fragment, and conditions, for 
such processes are discussed in more detail below. 

R lso included are nucleic acids which have been extended 
at the 3 ■ or 5 ■ terminus with respect any of these 

3 o embodiment s . 

Preferred variant nucleic acids are those which in 
addition to encoding SPASIC variants, are capably .of 

. v. 4- i a « f one oolv- or oligonucleotide or 
hybridizing with at least one poiy a 

crn id No 1 under low 
35 sequence selected from sequence of SEQ ID No 
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_ ^fprablv beinq capable of 
stringency conditions, more preferably 9 p 

.v, ^ more of such sequences under 

hybridizing with one or more or 

high stringency conditions. 

Th e expressions -low stringency conditions' and -high 

stringency conditions- will be understood by those 

sJlled in the art, but are conveniently exemplify as 

set out in US 5202257, Col 9-Col 10. For instance 

tening may initially be carried out under con itions, 

, which compr.se a temperature of about 37 C or less a 

formam.de concentration of less than about 50 , and 

, low salt (e g. Standard Saline Citrate 
moderate to low salt ve.y .^r^. 

0 15 M soaium citrate, 
(»SSC) = °- 15 M sodlum chloricie, u.is 

pH 7) concentration. 

5 c. aV vwr 50°C or less and a 

Alternatively, a temperature of about C 

,= o -SSPE-- 0.180 mM sodium chloride; 9 mM 
hl gh salt (e.g. SS ™ sodium dihydrog en 

disodium hydrogen P»« ' preferab ly the 

phosphate; , ; - - - l^^^C a for— 

20 :::::i: t ;:: r a b out ^ * ~« - 

s X SSC, or a temperature of about 50'C and 
concentration of about 2 X SSPK. These conditions wUl 
all ow the identification of sequences which have a 
25 substantial degree of homolo g y (similar ity, rdent, y 

with the probe sequence, without requrrrng the perfect 
homdogy for the identification of a stabie hybrrd. 

suitable conditions include, e.g. for detection of 

L that are about 80-90% identical, hybridizatron 
30 sequences that are 

overnrght at 42°C in 0.2SM N a s HPO, . pH 2 6^S SD 
de^tran sulfate and a final wash at SS'C rn 0 . IX SSC 
0 !» SDS For detection of sequences that are greater 
than about 90* identical, suitable conditions indude 
35 hybridization overnight at SS°C in 0.2S M H..HP0.. pH 7.2, 
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6 .5% SDS. 10% dextran suifate and a final wash at 60'C in 
0.1X SSC, 0.1% SDS. 

Sequence variants which occur naturally may include 

" e .which will include poiymorphisms or mutations at 

j^nplps Also included 
^ K^qpq) or pseudoalleles. ^-l=>^ 
one or more bases) ox y 

<=■• *- nrpsent invention would £>e 

::;::!; with s ^ c . The te r m - 

nil these possibilities^ . 

used herein encompasses all tne p 

* t-v^ nresent invention there is 
Tn a further aspect of the present 

protiL a method of identifying and/or cioning . nucleic 
acid according to the present invention which method 
employs sec ir> Ho X or a distinctive fragment thereof. 

In one embodiment . nucleotide sequence information 
pr ovided herein may be used in a data-base <e c, of 
expressed sequence tags, or sequence tagged sites) 

expresbtu m h e which may 

to fl nd ---:;r::: s rin;i:p h r:s S ion ^ 

r^cTc^ t tlsted for activity as described below. 

• ,r-,t- -in accordance with the 
tt, a further embodiment , a variant in accora 

^sent Invention is a l3 o obtainable by means of a method 

:r:ridiri — — — 

"H— a nucleic acid moiecule having a nucleotide 
lequence shown in or complementary to Seq 1, No X or . 

^ctinrtive fragment thereof, 

< on cting nucleic acid in said preparation with said 
ullei: acid molecule under conditions for hybridisation 
o£ said nucleic acid molecule to any said gene or 
homdogue in said preparation, and identifying said gene 
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if present by its hybridisation with said 
r homologue if present, 

nucleic acid molecule. 

n v be done by means of so-called 
Probing may optionally be done y 

, • .id chips' (see Marshall & Hodgson (1998) 
5 'nucleic acid chips v 

i <; . 97-31 for a review). 
Nature Biotechnology 16: 27 31, r 

Nucleic acids of the invention .ay * from 
template DNA from cells using a specie «A 

nub <=;necific primers targeted 
10 amplification -action with pec P ^ ^ 

amplify the ^ --- d ; ;; 9 DRG cDHA , or mRNA templates. 

Ts I/ P vle-e chain .eact.cn or, -cm R», by 

, prRl (see "PCR protocols; A Guiae 
chain reaction (PCR) (see f Ara demic 

ii TTric; innis et al, Acaaeiux<_ 
Methods and Applications", Eds. 

Press, New York, 1990) . 

T hus a method invoking use of PCR in obtaining nucleic 
Icid according to the present invention may include^ 
<» providing a preparation o £ nucleic acid, e.g. from 
th e CNS or other appropriate tissue or organ, 

dinn a pair o£ nucleic acid molecule primers 
1 ' n V Stable for, PCR, at least one of said 
" h na a sequence shown in or complementary to a 

primers having a sequen disti n=tive fragment 

sequence shown in Seq ID No 1 or a 

therSOf ' . „ leic acid in said preparation with said 

(c) contacting nucleic acid i f 
primers under conditions for performance of PCR 
,„ 7d> performing PCR and determining the presence or 

Lnce of an amplified PCR product. The presence of an 
a^ified PCR product may indicate identification of 
variant . 

»n tissue derived libraries of 
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genome DNA or cDNA or r^A for DNA or RNA of the 
Invention it -ill - convenient to use 

stringency hybridization techniques as indicated above, 
^screening .ay be carried out using hybridization 
probes targeted at all or part of SEQ ID Ho 1 . 
Lternatively specific ampl ifi=« ion primers U._ PCR 
priors) as described above may be used to amplify 
primers) a „.„..„ the source DNA to be used 

homologous sequences native to the sou 
as PCR template and the product D N A may be used as . 
specific probe when labelled to identify DNA of the 
Mention from the genomic, cDNA or mRNA library 



material . 



In each case, if need be, clones or fragments iden fled 
in the search can be extended. For instance if t is 
suspected that they are incomplete, the origina DKA 
source ,e.g. a clone library, m*NA prepara ticn e c. 
be revisited to isolate missing portions e.g. 
sequences, probes or primers based on that portion 
has already been obtained to !denti £ y other clones 
containing overlapping sequence. 

Dl stinctive fragments or oligonucle tides fo^se^in^^ 
orobing or PCR may be selected prepared y 
f„ the art without burden in the light of the present 
Isclosure. Typidly they may be about 10 to 30 or 
£ ewer nucleotides in length ,e.g. 18 ^ ~ /*> 
Generally specific primers are upwards of 14 
■ ,„„rh For optimum specificity and cost 
in length. For p „ ucl eotides in length may 

effectiveness, primers of 16 24 nuoi 

be deferred. If required, probing can be done with 
entire r triction fragments of the gene closed herein 
which may be !00 ■ s or even 1000 • s of nucleotides m 

length. 
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of identifying DNA coding for other 
For the purpose of ident y g to use probes 

ASIC-related proteins, xt may P ^ 

ranable of hybridizing with those reg 
and primers capable o y conserved bet ween SPASIC 

the SEQ ID No 1 which are highly 

»nd other ion channels (DRASIC cr-ASIC P 

and other xo om fche amino acid sequence 

regions can be ^txfx conse rved, as will 

aliments disclosed i i led in the art, means that 

be understood by those sKiX e ^ 

degenerate primers can be de of botn 

nucleic acids having the sequence characteristic 

SPASIC and the other ion channel. 

of identifying DNA encoding proteins 
For the purpose of identiry y SPASIC, it may 

• . h P currently-unique properties of SPASIC, 
fcavxng the curre y ^ ^ cQrresponding to 

be convenient to use ^ id No 1 , or to 

all or a major part of the q conserved 

^ the sequence that are 

those pares of the q ^ 

b e»een Ch e d ^ ^ ampllfied b y the prl-r. 

Example regions inciuae 

set out herein. 

are adapted to amplify the ent 

• » SPASIC portion for probing (Seq 
5), a unique SPASIC po in find ing new 

7) and degenerate primers having utility x 
me m,ers of the ASIC family (Seq ID No to 

~<= for orobes and primers of the 

7™ o he present sequence SEQ ID No 1 with the 
alignment of the p ^ miences It will be realised 

oth er .nown ASIC protein se^e e , 

that, where the nucleic acids of the P ^ 
are provided in double stranded form, sue 

k» t-araeted at either strand, 
primers may be targeted 
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Such probes, primers and oligonucleotides are provided by 

nt of the invention and may be used m 
a further aspect of the x 

amplification reactions, or Southern 
procedures . 

Artificial variants (derivatives, may be prepared by 

wiled in the art on the basis of the sequences' 
those skilled m the ^ 

provided herein, for instance y 

Ltagenesis, or by direct synthesis. 

Liant nucleic acid is grated either dire ct y o 
indirectly (e.g. via one or amplification or P . cat on 
st eps) from an original nucleic acid having all or part 
of the sequence shown in Seq ID No 

„-f t-y-,^ invention there is 
Thus in a further aspect of the mvei 

Ts ! sed a method of producing a derivative nucleic acid 
comprising the step of modifying the coding sequence of 
Seq ID No 1. 

Changes to a sequence, to produce a derivative, may be by 

one or more of addition, insertion, deletion or 

S ubstitution of one or more nucleotides in t e ^ 

acid, leading to the addition, insertion, deletion or 

■ of one or more amino acids in the encoded 
substitution of one or mux 

polypeptide . 

^drable for a number of reasons, 
£^r«rJT« ™„g the following fea.u 
restriction endonuclease sequences; codon usage; other 
sites which a« required foi ^ —-polypeptide ; 

lorrr:; ir/r^de ^-^ TT 

Trader or other targeting sequences (e.g. 
modification. Leader or our a 

membrane or golgi locating sequences, may be added to 
expressed protein to determine its location following 
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egression. Ml of these .ay assist in efficiency 
cl Inin 9 and expressing an active polypeptide in 
recombinant form (as described below) . 

, v-.nrlom (e-Q. chemical) or 
oth er desirable mutation may - »n*» 9 

site directed mutagenesis m order to 

■ ficitv) or stability of the encoded 
pliypePtide For such methods, for example, a vectorised 
L/I/sKO X, «o i is exposed to a mutagen c ma erial 
such as hydroxyzine, or, an the case o 
reac tion is carried out on that DN A using a mutagenic 
primer, whereby OHA i. produced which 3 
^otein different in secuence to SBQ ID No 2 at a 
predictable or predetermined sites respectively. 

articular target areas of the science are those which 

«f t-hp following: specificity or 
may determine any of t * ^ 

activation of the ion channel (e^g q 

„ of response (e.g. t»-«t^ permeabllity to 
specificity of ion channel (e.g. relati 
different cations) . 

A11 of these properties can be tested, without burden, 
using appropriate voltage clamping techniques . 



e.g. 
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Preferably the amino acid science differs from SKO O «o 
only by conservative substitutions. The expression 
conservative substitutions' as used with respect to 

acids relates to the substitution of a given amino 

= havinq physicochemical 
3r id bv an ammo acid navmy y y 

Y ^ ^i^s Thus where an ammo 

Cha n:r:: N :V "^Phobic characterising 

Trlup a o^rvative substitution replaces it by another 

Ulno acid a!so having a hydrophobic characterising 

group; other such classes are those where the 
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• wdrophilic, cationic, anionic or 
rharacterising group is hydropnm , 

well known to those of ordinary skill in the art i.e. 
see Us Lo^, and are onXy contemplated where the 
resultant protein has ion channel activity. 

Also included are variants having non-conservative 

rVons As is well known to those skilled in the 
substitutions. As is de which are not 

art substitutions to regions of a peptia 
critical in deterging its conformation .ay not great y 
a ts activity because they do not greatly alter the 

e, three dimensional structure. In regions which 
are ritical m determining the peptides conformation or 
activity such changes may confer advantageous properties 
on the polypeptide. 

A quite different approach may include mixing or 

A quite ^ ACTr-fvue qenes into 

incorporating sequences from related ASIC type g 

Pnr example restriction enzyme 
the SPASIC sequence. For exampi 

7 ^ of SPASIC could be ligated together with 

fraqments or bt^^i^ ° „„v~i^t-^d 
..fa SPASIC homologue or even of an unrelated 
fragments of a SPAbiu ^ c t p (so 

nP to venerate recombinant variants of SPASIC (so 
gene to gener ^ ^ ^ ^ Nature 

called * DNA shuffling see 
391. ) - 

r of the present invention, the nucleic acids 
in one aspect of the pres recom binant 
of the present invention are m the form or 
and preLahly replrcable constructs, such as vectors. 

^^rZ^r form which may „ >e 
B elf transmissible or mohili-ble, and which can 
transform pro.aryotic or eu k aryotic host either by 
integration into the cellular genome or exist 
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allv (eg autonomous replicating plasmid 
extrachromosomally (e.g. 

with an origin of replication) . 

Sp ecif ically — are shuttle ^ » ^ 
meant a DNA vehicle capable ^ may be 

replication in two different SDecie s, bacteria 

-=-a ^ ac^, : a ; : al ' cells) . 

±- .: „ f P a mammalian, yeasu 
and eucaryotic te.g. 

. — r r.;:.r;.:=, 

invention need not m d fcQ 

seq uence. particular!, if th ; ^ > recon , inatlon 

introduce the nucleic acia into 
into the genome. 

. j ■ W rtor is under the 

i„ a host =.11 such as a microbial S uhich 

The ™=t« may be a »°; a ; e xp ; a :: s : £ genomic 

SPASIC DNA (isolatable as descr eleMts and 

contain its own promote, or <*£*J^™ ^ o£ an 

• t-v^ rase of cDNA this may be under zn 
ZZZZ P^oter « elemen " 
expression in the host cell. 

rr e ;rirrr; ra : y z — - - — 

strand of double- stranded DNA) . 

• • ^ nart of the same 
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DNA operably linked to a promoter is "under 

, initiation regulation" of the promoter, 
transcriptional initiation x y 

Thus this aspect of the invention provides a gene 
construct, preferably a replicable vector, comprising a 
promoter operative^ linked to a ™=^i<* 
provided by the present invention, such as the SPASXC 
gene (see Seq ID NO 1) or a variant thereof. 

Cenerally speaking, those skilled in the art are well 
able to construct vectors and design protocols for 
recount gene expression. Suitable vectors can be 
chosen or constructed, containing appropriate regulatory 
sequences, including promoter sequences, terminator 
fronts, polyadenylatron sequences, enhancer sequence, 
marker genes and other sequences as . ™ 

„ trails see for example, Molecular Clonrng. a 
further details see, j. 

.i edition, Sambrook et al , 1989, 

Laboratory Manual: 2nd edtio 

cold Spring Harbor Laboratory Press. 

Ma „y known techniques and protocols for ----ion of 
nucleic acid, for example in preparation of ™c 
constructs, mutagenesis (see above discussion in respect 
^variants,, sequencing, introduction of DKA into cells 
and gene expression, and analysis of proteins, are 
described in detail in Current Protocols in Molecular 
aes „ _,. -i eds., John Wiley 

Biology, Second Edition, Ausubel et al. ed 

I sons, 1992. The disclosures of Samirook et al . 
Ausubel et al . are incorporated herein by reference. 

IO one embodiment of this aspect of the present invention 
provides a gene construct, preferably a replicable 
vector, comprising an inducible promoter operatively 
linked to a nucleotide sequence provided by the present 
invention, such as Seq ID No 1 - 
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• * sMp" as applied to a promoter is well 
The term "inducible as cxyy 

:;ii;::i:r:: — - ^ « r :rr 

> sti^s. The nature o £ the stilus v.r« . 

SOm e ----- ^ril^rei^on, in 

ri;:r * e r: .«-*».. ^ 

the absenc constitutive expression m the 

— s fl r Latevei the le veX o £ e X p«s S1 on 

■ in the presence or tne 

inducible promoter is increased m the p 

correct stimulus. 

■ , ,iv oref erred are vectors suitable for 
L5 particularly preferr ^ 

egression of — Ua «*. ^ or 
skilled in the art, e.g. HSV o, ^ 

pcDNA 3 shuttle -tor. ^ _ Qf 
lambda express system (Stratagene) and in 

2Q expressing ^ ^tl -terial 

eucaryotic cells such as COS cells. 

include lambda-Zap vectors such as the 
vectors will include strat agene Cloning 

25 irneTxpresiron can be obtained by excising pBluescript 

, Ma 7ao-II construct in the presence of a 
from the lambda-Zap II con stratagene. 

Typical protocols are provj.u 

in commercially available Stratagene kits. 

30 ^ 0 <= the present invention provides cells 

A further aspect of tne pic 

or more preferably transformed with (or 
containing, or more pie t 
transfected with) the nucleic acids of the present 
trans provi ded by transformation of a 

invention. Such cells are pr 

* aM v a eucaryotic cell, e.g. a t^, 
35 host cell, preferably a eucary 
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or HEK 29 3 eel! or an oocyte, preferably a 

or HEK DNA of the 

oocyte, P-trcuiarly C°S = recOTtoant DNA tecr^es 

i T 0 t:: c ::r or r:irec tl y y ^ ««- 

integrating technique. 

such cells may be capable of expressing, or having 

d a SPASIC protein as described hereinabove. 

expressed, a SfAbiv- p 

■ v in =ome respects, tne 

The cells may thus mimic, m some t> 

v, • looxcal and pharmacological properties of 

electrophysiological anu y 

native SPASIC-expressing cells 

,. 0 : n 0 f the invention by direct u j 
protein of the wher ein it becomes 

the p zt: rr::;;:; — - M . — 

rr^'tL Preser.ee of ^ » 

electrophysiological ana pn 

•™ has been generally concerned 



the cell 
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r, disclosed herein may also be used 
However the information disclosed 

to reduce the activity of SPASIC or variants 
cells in which it is desired to do so. 

Per instance down-regulation of expression of a target 
g Ie may be achieved using anti-sense technology. 

In using anti-sense genes or partial gene sequences to 
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eYnressi on ( a nucleotide sequence is 
down-regulate gene expressio , 

orientation" such that "™ C ^ from the ..sense" 

complementary to normal ^ , RQthstein 

5 strand of the target gene . ^ ^ ^ 

~t- al 1987; Smith et a-/.,H^°°' 

u BlS n^ Cell 4 1575-1588, English 
Zhang et al , (1992) The Plant Cell 4, 

-, «. o 179-188. Antisense 

of _ 7 (1996) The Plant Cell 8, l/y 

• also reviewed in Bourque, (1995), Plant 
technology is also reviewe g 

Science 105, 125-149, and Flavell, (1994) 
3490-3496 . 

fhar th e capable of base pairing 
•Complementary to" means that the P 
with whereby A xs the complement of T (and 
15 complement of C. 

- = r,t-i sense is to use a copy of all or 
An alternative to anti-sense 

part of the target gene inserted in sense, that is 
Lme, orientation as the target gene, to achieve 
20 reduction in expression of the target gene by 

suppression. 

v, options for down regulation of gene expression 
Further options tor hamm erhead ribozymes, 

include the use of ribozymes, ~ q£ ^ 

25 which can catalyse the "«-sp c ^ ^ „ orld o£ 

SU ch as mKH* .see ^-^ -3- ' ^ ^ & 

ribozymes- Curr Opin Struct Biol 

Shillitoe U^)-^^ th6ir fUn ="f 7 . a ;t 2 . 251 .) 
strategies for. their use" Mol Brotechnol 7. 

30 ^^.^ppc will involve 

inH-qense or sense or riDozyme 
nresent disclosure. Anti sense 

, . ■ m *v be performed using vectors as 
based regulation may per ted by employing 

35 described above, and may itself be g 



PCT/GB99/01743 

WO 99/63081 



10 



15 



25 



30 



21 



an inducible proper in an appropriate construct For 

.stance incorporation of this » into « - -11. 
migh t be readily accomplished using vectors, ^ 
HSV, vaccinia or adenovirus (see Principles of Gene 

' • 1 5th Edit. Old and Primrose 5th 

Manipulation (1994) 5tn 

-, v, Q n scientific Publications). 
Edition, Blackwell Scientin 

qpauen ce (in reverse orientation ror 

sequence fraQmen ts of sufficient length may 

he used. For example fragment 

b used. It i. * routine .atter for the person silled 

I he art to screen fragments o £ various si.es and from 
various parts of the coding sequence to optrmrse the 
"If ant.-sense inhibition. Xt may be advantageous 
t o include the initiating methionme ATC codon, and 
perhaps one or -re nucleotides upstream of the 
initiating codon. A further possibility , to target 
conserved sequence of a gene. e.g. a sequence tha s 
characteristic of one or more genes, such as a regulatory 



2 0 sequence 



35 



Th e sequence employed .ay he about = 00 -leotioe. or 
less , possibly about 400 nucleotides. 

Lot ides about 200 nucleotides, or about 100 

rirtidi;: It ^ be ^ t „ — ides 

. nnrtq 14-23 nucleotides, althougn 
of much shorter lengths, ^ ^ 

Lnger fragments, and generally even longer than about 
To nucieotides are preferable where possible, such as 
longer than about 600 nuoleotrdes. than about 700 
nucleotides, than about S00 nucleotrdes, than about 1000 
nucleotides or more. 

t-v^t- there is complete sequence 
It may be preferable that there v 
identity in the sequence used for down-regulation of 
identity sequen ce, and the target sequence, 

expression of a target sequ 
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, pntaritv or similarity of sequence 

^ ^ with the present invention may be a wi 

variant of such a sequence. 

a include an open reading frame or 

The sequence need not include Tr mav be 

specify an RNA that would be translatable. It may be 
pr eferred for there to be sufficient homology or the 
P r e c ive anti-sense and sense PKA molecules to 

„■ There may be down regulation of gene 

hybridise. There may ^ ^ ^ 2Q% 

or -re mi m tcb be ^ ^ ^ ^ ^ ^ f<jr 

gene. Effective y expressl0 n to take place, 

the down- regulation of gene exp 

, DN A oU.n^eo^^^ y bei^g ^ ^ 

long . convene ntly about^ th iolated, and 

degradation P~-^ °- ^^lly — - » * 
which conveniently have be ^ ^ 

Erected to ^ria^e with • . P- - - ^ 
f fhe SPASIC mRNA. Annealing with tne o 
' 5 le La to be degraded by activation of KKase H, 

causes the mRNA The 
or blocks the translation t 
small size of such oligomers facilitate th 
access into target cells which express the presen 
30 proteins. 

An alternative embodiment produces antisense ^A in vivo 

= H^ue specific inducible or 
by —ting a t sue p ^ ^ 

constitutively actxv P ^ Qr part 

, 5 region or element upstream oi 
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of DNA of SEQ ID No 1 in a 
of the coding region, of DNA o ^ 

, . , t hen cloned into a vector, 
construe, which » the ^ q£ 

mammals in therapy such a convenie „t 
infecting but not Killing «rget cells^ 

f „ r use in this embodiment, whion ca a 
^Tan dorsai root ganglion cells are Herpes Simp^ 
— 1 3 H ; v t Tccinl. or adenovirus derived vectors^ 
Virus (HSV) vacc ^ discussed by 

vira l vectors for use in g 840 -841. A non-viral 

Vile (1997) Nature Biotechnology 15- 840 

v. ■= Ji.cussed by Sebestyen et al 
gene therapy approach i * The use o£ a 

(1998 , Nature Bictechnolog ^ * ^ ^ 

variety of gene therapy delivery y 
„„, is discussed by Fernandez £. Baylay 

nc 418-420 and references therein. 
Biotechnology 16: 418 420 

5 whe re the antisense ^^f^™;* ™J*»™ 

provided in dorsal root gan, , ia c. * " ^ the 

inhibits the pain ^J^^. o£ sensory 

<= cpAQic channels on the suna 
« er antisense down-regulating . or x. 

20 ded in the central nervous system. it alters 

"^transmitter release by actually decreasing the 
neurotransmicue f of neurons. 

num ber of SPASIC channels on the surface 

n ride sequence which is complementary to any 
25 Thus a nucleotide sequen re i at ion to 

. acids discussed m rex^ 

of the codmg-nucleic acid forms one part of the 

earlier aspects of the invention forms 
present invention. 

• further provides a method of influencing 
30 ^ fUrt loqic P al and pharmacological properties 

the electrophysiological an P or 

of a cell, said method comprising the step 

° of a heterologous nucleic acid 

allowing expression of a heter g 

^ as discussed above within that cells, 
sequence as aisi_u= = 

35 optionally be within an organism. 
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■ further provides the use of the 
The pr esent invent xor > furth P ^ ^ compleme nt, or 

i^f-irlf* seauence or beq ±v 
nucleot.de seq down _ reg ulation of gene 

a vacant of ^er * down - regulation of expression of 
expression, particularly prefe rably a cation 

an ion channel -encoding gene, more p 
channel, most preferably SPASIC. 

rr of the present invention there is 
In a further aspect of t * DNA) of the present 

provided nucleic acid f{jr use in the 

invention for use in gene therapy, 
preparation of medicaments for 

,r of the present invention there is 
In a furt her aspect P non - h uman mammal, 

disclosed an organism, [ of SPASIC or a 

nolls i n which the activity 01 
comprising cells m d pre ferably impaired, 

■ «- ,-hPreof have been altered, y 
variant tnereoi. discussed above. 

by U se of the methods and ma - 1- * 
Particularly preferred i, , a in which 

Methods of producing kno d ^ ^ ^ 

specific gene activities have be ^ ^ Boerrig ter 

k nown to those ^^^^ or Gosse n and Vi 3 * 
et al (1995) Nature 377: 657 
(1993) Trends Genet 9: 27-31. 

rt of the present invention there is 
In a further aspect of P QX tranS fected 

provided use of a protein, describe d above, for 

ceU. or . c organ,- a modulating 

identifying a substance as having 
activity. 

a „ for instance, act as agonist, 
Such substances may, for m 
partial agonist or antagonist. 

• or cell may be used in a method 
Thus the P-texn or ^ J {e _ g which is associat ed 
comprising exposing the pro 



3 5 comprising 
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of a liposome) or cell 
wit h a — ne. for ^ ^ as co all « 

— " * SOlU t^ stance and the SPASIC (or 
interact ron between the s ^ ^ 

variant SPASIC) protern rn the ^ ^ ^ 

m easuring the electrophy.ro ^ P measurement may 

r-r, this interaction, 
or membrane to tm re ference figure, 

optionally be compared with 

be measured by use of a 

microelectrode tecnmq ^ whereby 

strategies as voltage clamp** ied by in ward or 

of ion channels may be 
activation ot ion _ rected using the 

outward current flov , as ^ radlolabe led cations or 

mi croelectrodes. Na, - ^ ^ ^ flux; a 

»C or >H guanidine may be ^ sensitive dye (such as 
sodium, calcium or P°" s ^ monitor ion passage 

— - ^L^ron ctne!. or a potential 
through the receptor i ^ changes , 

sensitive dye may be used 
e . g . such as in depolarization. 

*dentifi ec ^ by their 
■ct- s and partial agonists may be i en or 
Agonists ana p ™ are d to extracellular acia y 

relative efficacy as cc,^^ ^ ^ in 

oth er Known and an tagonists, by their 

the case of partial 9 d by a given 

abi lity to bloc, the act vati ^ 
acidity, for example P H 6, 

•H have potential as analgesics or 
such substances will have ^ ^ ^ & further 

other neuromodulatory agen , Mlly in the form 

v of the present invention, op 
aspect of the p itions comprising a 

medicamanents (e.g carrie r or filler). 

rallY acceptable can 
pharmaceutical-^ 

or a variant thereof, e.g. 
Purified SPASIC protein, or 
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produced — v * r:iirio £ ::ir::i:: di e S 

^ t-hprefor, may be usea ^ 

antagonists or inhibitors, o 
homologues . 

Me thods of producing antibodies 3 

antibodies ™ - ' kno „ in th . art. ana 
any o£ a v«» t y ^ bindin9 o£ antibody 

might be screened, prelera y 
15 to antigen of interest. 

'-^CT ^bodies may be polyclonal or 

Nature 357 : 80 b^; - 

monoclonal . 

w odified in a number of ways. Indeed 

— — m ; y b b ; d ; d - — 9 

T bln^ substance having a binding domain wit, 
specific binding s c his term covers 

the retired specific, ^" ' £unotional equi y a lents 

antibody fragment, ^ ng any poly pe P tide 

and homologues of ant bodie . 

comprising an immunoglobulin bmdi g an 
natural or synthetic. Chimaeric ^ tQ 

immunoglobulin binding domain or ^ anfl 
another polypeptide are ^^1.^ m EP-.- 
ex pression of Chimaeric ^ shown chat 

0120694 and EP-A-0125023. It has bee ^ 

35 binding antigens. 
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th e Fab fragment consisting o £ VL. VH ^ 
domain,; (ii) the Pd fragment consisting of the 

Mii> the Fv fragment consisting of tne 
CH1 domains; i > th (lv) the dAb 

and VH domains of a sing ^ ^ 

£ragment (War a B S- isolated CDR regions; 

ro F :;:ieii £ ir::ar;iid . : L ~ :r ^ » 

linker which allows the two domains to 
942 423-426, 1988; Huston et al , PNAS Ub 

(PPT/US92/09965) and (ix) diaboaies 

dimerS ( 7 f c fraqme nts constructed by gene fusion 
or multispeciric ^agtnent ^ ^ _ ^ 

(WO94/13804; P HolUger et al Proc 
90 6444-6448, 1993) . 

now b- described by way of 
mv. n, PC;P nt invention will nov. d~ 

The present m following non- 

UXu.tr.tion only by reference to the fol 9 

Conilpnce Listing and Examp^^. 
limiting Figures, Sequence ^ o£ 

embodiments o£ the invention falling 

th e Claims provided herewith will occu r to those 



? FjLg fwrgS" ""' 

_ ~-f cpAqic (protein of 
Flo 1- Alig^d amino acid sequences of SPASIC U? 
Fig 1. Alig ^ waldmann and Lazdunski 

, »t llW 8-- 418-424); ASIC-alpha (also 
1998 ' CUrrSnt B - see also «aldmann and Lazduns.i 

re£er r d AS:c a :et:\ 9 -83 65 .l - unpublished at the 
jrng^ate of the pXnt application, . Transmembrane 
helices (TM1/TM2) are ma\ked. 
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rnlirse t he inward current (in pA) 
n chows a time -course une j-i 

Fig 2: shows 5 to a cos cell 

M ^ 1 ° h . c ^Lri-ic susta.ned -ard 

expressing SPASic. 

current is clearly visible. 
Seayence^istings 

Th e li.tina P-^ h ere„i th *™ ^ ™ £ ^ 

invention. Numbering of primers 
ID Nos 1 and 2 as appropriate. 

■,• „ *-r, qpaSIC cDNA as 
«-n ID No 1: cDNA corresponding to SPASic 
SEQ ID mo i , i root ganglia 

derived from Rattus^on^i^ dorsal 



15 cells 
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„ „f cpaSIC protein from 
SEQ ID NO 2: Am.no acid sequence of SPASIC P 

Eaj^^r^icMS dorsal root ganglra cells. 

SEq ID N o 3: A.ino acid se q uence of AS!C pro.e.n of the 

prior art . 

SEQ ID N o,:~ for use w lth tl » t of SE0 ID No 5 PCR 

screening (253-277) 

that of SEQ ID No 4 in 
T3T-im<=r for use with tnat 01 cow 
SEQ ID No 5: Primer rox 

■ „ , r(iV p rS e 1955-1980) 
PCR screening (reverse 

• ^ for use with that of SEQ ID No 7 in 
SEQ ID No 6: Primer for use wit 

PCR screening (419-438) 

7 primer for use with that of SEQ ID No 6 in 

SEQ ID No 7 : Primer 

• ~ / rpvP rse 984-1008) 
PCR screening (reverse 
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degenerate PC* serening (correspond to amino acid sequence 

RYG/AKEI/LSM - nutnbers 3 79-38 6) - 

SEa ro N o 9, Primer for use wit* that of SKQ ID No B in PC* 
screening (corresponds, in reverse, to amino acid se^ence 
OLFIOSX/I. in the HO region of Figure 1 - numbers «8-U-> . 



The rat ASIC-beta clone (Patent application GB 97183S5.D was 
used to probe a cDNA library. 10« clones from a 
ractionated «,-««,, «. l^ary «- " 

filters ,.^=.1 P-or to hybridisation (Woo et al. P*AS 
,S, 3,-P dATP rand OT -pri»ed ASIC-be « ~* 

(pos ition ^037, was used to ^ ^^^YT 

e hybridised at low stringency m » * SSC. 
Benhardfs solution, with 200 micrograms/ml boiled salmon 
sperm DMA at s«. *he filters were washed briefly «. 4 * SSC 
« room temperature, then twice in * * SSC with ..5* ». « 

• +. tv,^ filters were autoradiographed for J 
55 n C for 20 minutes. The enters 

days on Kodak X-Oroat films. 

The AS!C-beta BcoKI probe (position 1-2=87, was also used for 
high stringency screening where the filters were given a final 
wash in 0.! * SSC, 0.5% SBS at «-C (Chen et al. -ture 

-■h-* w*w-icii«-d at low stringency cut 
377 423-432) . Plaques tliat hytoriax — a 

not' at high stringency were selected for secondary screen^, 
followed by cross-hybridisation. Full length SPASIC clones 
were isolated in tiiis way. 
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Example 2: Preparation of cDNA from E. coli 

Bluescript plasmid DNA encoding for the protein of the 
invention was purified from the E. coli DNA by solvent 
extraction, Magic minipreps or Caesium chloride 
centrif ugation, and digested with endonucleases EcoRI and 
Xhol targeted at the 3 ' -polylinker downstream of the cDNA 
and the site of the vector bacteriophage polymerase. 

Example 3: Homology Cloning of other mammalian SPASIC 
using sequence derived from the rat cDNA clone. 

Dorsal root ganglia or central nervous system tissue are 
isolated from available human or other mammalian source 
tissue in accordance with methods well known to those 
skilled in the art. RNA is extracted from the isolated 
tissue by extraction in guanidine or other chaotropic 
agents, followed by solvent extraction using phenol, 
phenol/chloroform and precipitation using isopropanol and 
ethanol (see Chomczynski & Sacchi, 1987, Anal Biochem 
162 : 156-159) . 

The isolated RNA is Northern blotted with probes derived 
from the SEQ ID No 1 to identify transcript size of 
candidate human clones. Messenger RNA from the RNA pool 
is extracted using oligo-dT cellulose or poly-U sepharose 
chromatography and cDNA is constructed from this RNA 
using reverse transcriptase (Superscript) and DNA ligase. 
Double -stranded DNA is constructed and a directional 
cDNA library generated using lambda zap, lambda express, 
pcDNA, or other suitable vectors. 
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The 3' untranslated region of the SPASIC clone is sub- 
cloned into a plasmid vector (Bluescript or similar) 
followed by cutting out the insert and isolating it on 
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, M are labelled by in vitro 
— 9.1- • T7 polyme rases an, »P or 

transcription with SP . ly the insert is 

DIG labelled nucleotides. trans lation with »P 

rad iolabelled by random prime or 

or D iG-labelled nucleotides. 



10 



15 



20 



25 



30 



35 



• careened by moderate stringency 
The cDNA library is screen radi olabelled or 

hybr idisation to 50-.0OC 5 * BSC 3 ^ ^ 

ot her labelled DNA or c*NA P ^ regions of 
of the DNA/RNA se q uence d A ^ ^ ^ 

^ protein may be used^ ^ 

puri fied and ^ 1 "s £olloWB with isolation of 

hybridisation of the clones fol^ ^ 

individual distinct clones ^ ^ 

that correspond approxi matelyt ^ ^ 

determined by Northern ^ ^ ^ injected lnto 

3-erated from the select ^ ^ usin 

***** ^rvrita/e clamp studies, the expression of 
^CT-^ ~ls investigated. 

■ channel clones have their insert DNA 
Functionally active channe sele ctable 

n -1 oq7 rells etc . ) 
cells, CHO cells, 293 ^ ^ may then be 

human ASIC protein clones. ^ ^ measurement, 

us ed with either Na Fb. dye techniques to 

electrophysiology or Na agonist or 

provide a high- throughput screen 
antagonist candidate compounds. 

of other_ma*^^ 

ExjynEle_4_= ^ cDNA_£i2ne- 

^^r-ived_from_the — rajL_cyjNrt 

seauencejeriveu 
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d are are isolated from 

Dorsal root 9 -»' o ^ r t^U.n trssue serial, 
available human or other extraction in 

ls extracted from the * Uowed by solvent 

Athpr chaotropic agents, 
9Uanldl t n l usin, Phenol. phenol/chloroform and 
extraction using y ethanol . 

prestation using ~ ^ Bcript .„ are used to 

m extracted ^ « — — 

total or poly A- RN R - 

. „ derived from conserved regions o£ 
Degenerate PCR P-mer * ' cDNA usxng the 

SEQ ID So-1 are used to ampl Y degeneraCe primer 

poly merase =h.m reason , . . 9 . ^ ^ g ^ 9 _ ^ 
fences SEQ ID Ho 4 and , on agar ose 

<= t-hP PCR reaction are 
products of the ^ f the approximate 

examined for similarity wit a ^ ^ 

Candidate PCR fractions are used to 

ae , described in Example 2. 
DRG library as descri 

coinn 0 f proton_gated_ASIC 

ExamEle_5_: ■ 

channels^ 

,nc, SPASIC CDNA are cut with restriction 
Plasmids encodxng SPAS _ which 

enzymes Xhol and EcoRI . iso lated from 

comprises the P^^J^ in to pTracer-CHV 
lo w melting agarose n EcoRI and Xhol 

and pgMl vectors ^^J^^ o£ these constructs 



restriction sites 
is checked by sequencing. 
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DT racer-CMV or P g*l containing SPASIC 
Shuttle vectors eg. pTrace ^ ^ uged to 

were purified from maxipreps. 
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express proton-gated * -T^^JT^ 

iine cos cells . - esuspanasd ln 350 

(80 . 90 * consent, «» ^ of 

piasmids of interest were suspen sion in *n 

HEBS then .nixed «- C ^ f 

elecCrope ration cuvette and *^ ^ _ 6ec UP at 2 S0 

The cuvette was 
effected, 

• b .. e lectropor*ti=n, COS cells «» « 

A£ ter transf b ' elaCt . * cultured »i<* 2 ^ 

ta low density m-30- p«~ ^ crans£ecE ed cells were 

MEM/10% FCS at 3VC for 2-3 day. M3&J 1; 

W as>ed »it h -«er (i- - ^ che »>ole cell 

.^ration of tne ^ TCa3ure d at a nolding 

potential o £ - S o™v « ; t. , ^ assessad as 

5 « ier Ceee Figure *'/ ° ' ^^^t. o£ tne ^XC onannels 

agonists, partial agones or an - Ka ,^ of 

- batB ; ppli :: zr::^ — - « — d 

the activation or bloc* o 
vectors. 

gently or transiently transited 

greasing 3 »SIC «• loaded ' ^J 1 bour at ,TC in 

m icro=uries per -I, in ^ „ a sfced in Hep- 

DHSM 9~«* *ediu* containing 10. 

w «ered valine <pH 7.4, 4 tries. «« 
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rates of radioactivity released measured in the presence 
and absence of a low pH stimulus (pH 5.5 Hepes buffered 
saline) , with or without the addition of compounds that 
may show agonist, partial agonist or antagonist activity 
(Wood et al, 1989 J Neurochem 53: 1203-1211). 

Alternatively, permanently or transiently transfected COS 
cell lines in multiwell plates expressing SPASIC are 
loaded with potential -sensitive carbocynanine dyes and 
the fluorescence emission spectral response is observed 
following application of a low pH stimulus (pH 5.5 Hepes 
buffered saline) . The response in the presence and 
absence of the putative activating compound is compared • 
(see Am J Physiol 266, C37 1994) . 



